The purpose of this study was to validate the six-item Men's Osteoporosis Knowledge Quiz (MOKQ). The MOKQ asks questions about risk factors that are pertinent to men, such as the risk for developing low bone mass related to hormone treatment for prostate cancer and the importance of testosterone for bone mass. A survey was sent to 242 men with a mean age of 83.2 years. The mean number of questions answered correctly in response to the six-item MOKQ was 2.37. Convergent validity was examined by correlating the score achieved on the MOKQ with the score achieved on the total Facts on Osteoporosis Quiz. The Pearson correlation coefficient for the MOKQ and the Facts on Osteoporosis Quiz was r = .76. Reliability was demonstrated by computing a Cronbach's alpha for the MOKQ (r = .72). The MOKQ was found to have adequate reliability and validity in assessing older men's knowledge about osteoporosis.
Osteoporosis is a bone disease characterized by diminished bone strength that predisposes men to bone fracture (U.S. Department of Health and Human Services, 2004) . Osteoporosis is diagnosed as a bone mineral density (BMD) value, known as a t score, more than 2.5 standard deviations below the mean peak BMD value (Seeman & Delmas, 2006) . Estimates of the prevalence of osteoporosis in men more than 50 years range from 3.9% (Richards et al., 2007) to as high as 29%, depending on the population studied and the method used for scoring (Lopes, Ferreira, Coeli, & Farias, 2009; Melton, 2001) . When the BMD value falls between −1.0 and −2.4, the person is diagnosed with low bone mass (Department of Health and Human Services, 2004) . Low bone mass may affect up to 40% of men (Melton, 2001; Olszynski et al., 2004) .
Men with a diagnosis of osteoporosis or low bone mass are at heightened risk for fracture. The national prevalence of hip fractures has been estimated to be 6.8% in older men (60 years or older) with osteoporosis, compared with 0.9% in older men without osteoporosis (M. Inacio, personal communication, November 6, 2009;  reporting unpublished results from the Kaiser Permanente 2009 study). Men with diagnosed osteoporosis have a higher risk for fracture than men with diagnosed low bone mass (Seeman & Delmas, 2006 ). Yet more men with low bone mass may experience a fracture, given that in men the prevalence of low bone mass is higher than that of osteoporosis.
The prevention of fractures, as well as the diagnosis of osteoporosis and/or low bone mass, in older men may be contingent on these men seeking the needed screening diagnostics and interventions to prevent or ameliorate bone disease. Such proactive steps may not occur unless older men understand their vulnerability to osteoporosis and then choose to act on their knowledge (Glanz, Lewis, & Rimer, 1997) . Based on the few studies of older men conducted to date, older men appear to have limited knowledge about their risk for osteoporosis Juby & Davis, 2001; Sedlak, Doheny, & Estok, 2000) . Juby and Davis (2001) observed in a study of 39 older men (mean age 77 years) that 77% of them had heard of osteoporosis, yet only 54% of them realized that they could have osteoporosis. Sedlak et al. (2000) noted in their study of 138 older men that 87% of men answered less than 60% of the items on the Osteoporosis Knowledge Test (Kim, Horan, & Gendler, 1991) correctly. Furthermore, many of these men believed they were not likely to receive a diagnosis of osteoporosis. A more recent study compared the osteoporosis knowledge of 113 men and 218 women, aged 50 to 60 years, again using the Osteoporosis Knowledge Test . This study revealed that men had significantly less knowledge about osteoporosis than women, with 71.7% of men scoring 60% correct or lower on the test, whereas 47.2% of the women scored likewise.
Typically, when a general lack of health knowledge is documented, policy makers call for an education and screening campaign centered on a targeted vulnerable, yet underserved, population (e.g., men). The design and development of such a campaign requires a basic understanding of the knowledge men have about osteoporosis. However, our understanding is limited in this particular instance, given that relatively few research studies have examined men's knowledge about osteoporosis.
Compounding the challenges associated with our limited understanding of men's knowledge about osteoporosis, the currently available osteoporosis knowledge questionnaires have been developed with a primary focus on risk factors related to women's health issues (e.g., the effect of menopause on bone health). Only one of the extant questionnaires allows for the option of using the questionnaire with men, by deleting the items relating to women's health issues (Kim, Horan, & Gendler, 1991) . Although many osteoporosis risk factors are common to men and women, men face some unique risk factors as a result of declining testosterone levels (Meier et al., 2008) and medical conditions that require hormone treatment, such as prostate cancer (Abrahamsen et al., 2007; Simonelli et al., 2008) . Across multiple literature searches, we were unable to locate any questionnaires that specifically addressed osteoporosis risk factors related to men's health issues. The purpose of this study was to develop and validate preliminarily an osteoporosis knowledge questionnaire designed for use by men.
Method

Questionnaire Development
Preliminary work in the development of Men's Osteoporosis Knowledge Quiz (MOKQ) began with a literature search for items associated with male osteoporosis risk factors and issues with men's knowledge of bone health and disease. A list of potential items was developed. Given the high quality of existing questionnaires for general knowledge about osteoporosis, a decision was made to develop a measure to address the missing piecemen's knowledge about osteoporosis and related health issues. This instrument would be used to supplement established osteoporosis knowledge questionnaires.
From the list of potential risk factors, three experts (a gerontological nurse, a gerontologist with expertise in osteoporosis, and an osteoporosis educator/clinical densitometry technologist) constructed the six items of the MOKQ. The items were chosen based on the consensus clinical judgment of these panel members. The prototype MOKQ was then sent to two geriatricians for their independent review of the content of the items and their pertinence to the target population.
The MOKQ was designed to be used with Ailinger's Facts on Osteoporosis Quiz (FOOQ; Ailinger, Lasus, & Braun, 2003) . A correct response for each item was assigned a score of "1," an incorrect response a score of "0," and a "Don't Know" response a score of "2." The option of selecting a "Don't Know" response was included to allow for a qualitative discrimination to be drawn initially between incorrect knowledge versus incomplete knowledge. In the context of subsequent quantitative data analyses, "Don't Know" responses were later scored the same as incorrect responses, thereby yielding dichotomous scores.
Sample
A survey packet consisting of the demographic questions, the FOOQ, and the MOKQ was sent to a randomly selected sample of 400 men aged 62 years or older who were living in a large-scale continuing care retirement community located in a suburban setting. The anonymous packets were returned by preaddressed envelope to a designated research liaison. Two weeks after the survey was mailed, a reminder postcard was sent to all 400 men. This postcard prompted recipients to complete the survey and directed anyone who had misplaced the survey packet to contact the research liaison to obtain a new copy of the survey.
Measurements
Demographics. Demographic data consisted of age, marital status, annual income level, highest level of education achieved, and race/ethnicity. The demographic data were used to describe the participants and to allow for control of variables that may be associated with knowledge of osteoporosis.
Knowledge of osteoporosis. Knowledge about osteoporosis was assessed using the FOOQ developed by Ailinger et al. (2003) and the newly developed MOKQ. The FOOQ was used in conjunction with the MOKQ to assess general osteoporosis knowledge and for assessing convergent validity. The FOOQ consists of 20 items presented in a "True/False/Don't Know" format written at a 6th-grade reading level. This quiz assesses knowledge of (a) bone development, (b) osteoporosis risk factors, (c) osteoporosis prevention, and (d) osteoporosis treatment. The FOOQ includes six questions that are specific to females. These gender-specific items were retained to maintain the reliability and validity of the FOOQ. The six questions specifically about women also enabled an assessment of men's knowledge of bone health and disease in women as well as in men.
The MOKQ consists of six items presented in the same format as the FOOQ ("True/False/Don't Know"). Designed specifically for men, the questions developed for the MOKQ assess knowledge related to osteoporosis risk factors and osteoporosis treatment unique to men.
Analysis of MOKQ items. An index of difficulty and an index of discrimination were calculated for each of the individual items. Item difficulty, expressed as a percentage, was determined by dividing the number of correct responses to the item by the total number of responses to the item. Subsequent to an initial descriptive tabulation of correct versus incorrect versus "don't know" responses, the "Don't Know" responses were considered incorrect responses. Items to which less than 20% of the sample responded correctly were considered to be "extremely difficult." Conversely, items to which more than 80% of the sample responded correctly were considered to be "easy." Item discrimination is the degree to which an item differentiates between participants with "good" versus "poor" knowledge. Item discrimination was determined using a corrected item-total correlation (the correlation between the item and the rest of the scale, without that item considered part of the scale). Use of this methodology prevents inflation of the correlation.
MOKQ readability. The readability of the MOKQ was assessed using the Flesch Reading Ease Index and the Flesch-Kincaid Grade Level Index. Readability is based largely on the average number of syllables per word and words per sentence. Readability computed using the Flesch Reading Ease Index was 48.7 (100 is considered easiest to read, with 65 given as a reference to plain English). The Flesch-Kincaid Grade Level Index was 9.6. Given that readability is based largely on the average number of syllables per word, we recalculated the scores with the word "osteoporosis" changed to "brittle bones." The Flesch Reading Ease Index became 70.7, with the Flesch-Kincaid Grade Level reducing to 6.5. A decision was made to retain the word "osteoporosis" based on the belief that the frequent and consistent use of this word in proper context throughout the questionnaire would rapidly contribute to an acceptable level of readability.
Results
Of the 400 men randomly selected to receive the questionnaire, 248 returned the survey (a 62.0% response rate). Responses by six participants were removed from the returned sample because one or more pages of the questionnaire were not completed in each case. This resulted in a final sample size of 242 (a 60.5% response rate). After finding no statistically reliable deviation from randomness using Little's MCAR test (p = .091), missing values were imputed using an expectation-maximization algorithm on the total scores for the questionnaires (see Table 1 ). All analyses were performed using SPSS 15.0.
The mean age of the participating men was 83.2 years (SD = 5.7). A total of 71.4% of the participating men were married at the time of survey completion, with 79.7% reporting prior achievement of a baccalaureate degree or higher. The sample comprised predominantly of Caucasians (96.3%), with a reported median annual income level of $25,000 to $50,000 (54.8% selected this range).
An examination of the item difficulty for the six items of the MOKQ (Table 2) found only one question to be deemed "difficult," with less than 20% of the men responding correctly to it. This item, "Small frame/low weight men have osteoporosis more than larger framed/ heavier men," was answered correctly by only 14.9% of the men and incorrectly by 85.1% of the men (31.8% answering incorrectly, 52.1% selecting "don't know," with missing data in 1.2% of the cases). In consideration of the importance of general body build on bone development, this question was retained. All items were examined for item discrimination. Each of the six questions was deemed to be a good discriminator. Corrected item-total correlations ranged from .33 ("Hormone treatment for prostate cancer decreases the risk of osteoporosis") to .60 ("Bone loss increases in men after the age of 70 years"). Convergent validity was examined by correlating the score achieved on the MOKQ (6 items) with the score on the total FOOQ (20 items). The Pearson correlation coefficient for the MOKQ and the FOOQ was r = .76 (p < .001). For comparison, a total score was calculated for the FOOQ with the six female questions removed. The Pearson correlation coefficient for the MOKQ and the reduced FOOQ was r = .68 (p < .001). The Pearson correlation coefficient for the six female questions of the FOOQ and the reduced FOOQ was r = .65 (p < .001). The computed Pearson correlation coefficient between the MOKQ and the six female questions of the FOOQ was r = .71 (p < .001).
Cronbach's alpha was computed for the MOKQ (r = .72) and indicated adequate reliability. As noted previously, the MOKQ was designed to be used in conjunction with the FOOQ, resulting in a total of 26 questions. Cronbach's alpha for the full 26-item questionnaire was r = .90.
The knowledge level regarding osteoporosis of the sampled men, as ascertained from the use of the MOKQ, was investigated (Table 1 ). The mean score (i.e., number of items answered correctly) for the six-item MOKQ was 2.37 (SD = 1.6). Most of the men knew that bone loss occurs after 70 years of age (76%), and a small majority knew that men need approximately 1,200 mg of calcium daily (54%). In response to the question concerning fracture risk after the age of 50 years, 63% answered the question incorrectly or were uncertain of their knowledge. Responses to Question 1 ("Small frame/low weight men have osteoporosis more than larger framed/heavier men") revealed few correct responses (15.1%), more than twice as many incorrect responses (32.2%), with a majority of men responding with a "Don't Know" (52.7%). A large majority of the participating men apparently did not understand that low testosterone level is a risk factor for osteoporosis (76.4% answered incorrectly or selected "Don't Know"). Furthermore, a large majority did not comprehend that receipt of hormone treatment for prostate cancer is a risk factor for osteoporosis (80.1% answered incorrectly or "Don't Know" in response to this question). In comparison, the mean score achieved on the 20-item FOOQ was 10.28 (SD = 4.4; 51.4% correct), and the mean score for the six female-oriented items on the FOOQ was 2.40 (SD = 1.7; 40% correct).
Discussion
This study assessed the psychometric properties, including the validity and reliability, of the six-item MOKQ. Two geriatricians, one technologist/educator, one gerontological nurse, and one gerontologist agreed that the six items reflected osteoporosis risk factors relevant to men.
The convergent validity of the MOKQ is demonstrated by the correlation between the 20-item FOOQ and the MOKQ (r = .76). The correlation between the MOKQ and the 14-item FOOQ (r = .68; subsequent to the removal of the six female-oriented questions) is about the same as the correlation between the six female questions and the 14-item FOOQ (r = .65). The observed decline in the correlation when the six female-oriented questions were removed from the FOOQ may be related to the similarity in the content of four of the six gender-based questions included in the FOOQ and the MOKQ. Such similarity may have resulted in the strong correlation found between the items (r = .71). The MOKQ, by itself, is internally reliable (r = .72) and appears to assess men's knowledge of male osteoporosis risk factors. When used with the 20-item FOOQ, the reliability of the full instrument increases to r = .90.
The men in this sample achieved a mean score of 2.37 out of six correct answers on the MOKQ, thereby indicating limited knowledge of how men's health issues affect osteoporosis. The authors were unable to locate prior research that examined men's knowledge of the relationship between men's health issues and risk for osteoporosis. General knowledge of osteoporosis was a bit better but still low, with the men in the sample responding to a little more than 50% of the items correctly. This study supports prior research indicating that men's knowledge about osteoporosis in general is low Sedlak et al., 2000; Sedlak, Doheny, Estok, Zeller, & Winchell, 2007) .
Recommendations for Research and Policy
The purpose of this study was to begin to evaluate the validity and reliability of the six items on the MOKQ. Many issues pertinent to patient education have not been addressed. This study was undertaken in one racially homogeneous retirement community with well-educated, relatively well-resourced men. Therefore, it was not feasible to explore associations between osteoporosis knowledge and education level, socioeconomic factors, and racial/ethnic factors with this sampled population. Such sociodemographic factors can be better examined with a larger, more diverse sample. Of particular interest will be the use of this instrument in special populations, such as men with a diagnosis of prostate cancer. Other areas to examine include the relationships between the MOKQ and bone mass measurement by DXA, diagnosis of osteoporosis, and perceived risk for developing osteoporosis. Further testing will also be needed in other age groups and more diverse samples drawn from other residential/community settings. Given that the MOKQ is designed to be used in conjunction only with the FOOQ, future research will be needed to validate the use of the MOKQ with other osteoporosis questionnaires. Finally, the ability of the MOKQ to measure change over time, as in the context of a public health campaign or a more structured educational intervention coupled to a screening and referral program, will need to be ascertained.
This study highlights the need for evidence-based screening, information and referral programs specifically focusing on men and the risk factors that affect them. Such programs need to take into account men's understanding of bone disease in general and the effects of such disease in men in particular. Subgroups of men at heightened risk for bone disease, such as men diagnosed with low testosterone levels or receiving hormone therapy against prostate cancer, may warrant targeted outreach efforts. Marketing messages that appeal to men as well as women must be crafted and systematically tested for their acceptability, reach, and impact, in terms of meaningful, associated clinical endpoints. Public health campaigns need to reach beyond men and their informal and family care providers, however. Such efforts must also include the medical professionals responsible for identifying and treating at-risk men. As more evidence is gathered on the relative cost utility of varying approaches to public health education, and corollary osteoporosis screening and treatment, for men, public and private insurers may find it cost effective to cover low-cost screening followed by limited use of clinical bone densitometry in men, as in women (Marx & Quinn, 2009 ).
Conclusion
As more men reach their 80s and 90s, it is highly likely that the prevalence of osteoporosis and the resultant risk of fractures will increase. In this study, we focused on the previously neglected area of assessing men's understanding of their own bone health and the relationship of male health to osteoporosis. The MOKQ has the potential to allow accurate screening of men's knowledge about osteoporosis and the development of educational interventions to promote bone health in men.
